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(54) AIR CONDITIONING DEVICE

(57) In an air-conditioning apparatus 100 including a
plurality of indoor units 2 connected to a heat medium
converter 3 and a plurality of remote controllers 53 re-
spectively provided for the indoor units 2, the remote con-
trollers 53 each include a temperature sensor 39 that
detect a temperature of a corresponding space to be air-
conditioned, and are each configured to communicate
with a heat medium converter controller 52 of the heat
medium converter 3 and an indoor unit controller 54 of
the corresponding indoor unit 2, transmit an instruction
to start and stop an operation and data related to rotation
speed of an indoor air-sending device 27 to the corre-
sponding indoor unit controller 54, and transmit the in-
struction to start and stop the operation, and a target
temperature and a temperature detected by the temper-
ature sensor 39 or a difference therebetween, to the heat
medium converter controller 52.
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Description

Technical Field

[0001] The present invention relates to an air-condi-
tioning apparatus to be used as, for example, a multi-air-
conditioning apparatus for building.

Background Art

[0002] Some of existing air-conditioning apparatuses
include, as in the case of a multi-air-conditioning appa-
ratus for building, a heat source unit located outside a
building and indoor units located inside the building (see
Patent Literature 1). Refrigerant circulating in a refriger-
ant circuit of such an air-conditioning apparatus transmits
or receives heat to or from air supplied to a heat exchang-
er of the indoor unit, thereby heating or cooling the air.
Then the heated or cooled air is blown into a space to be
air-conditioned, to heat or cool the space.
[0003] Normally the building includes a plurality of in-
door spaces, and hence such an air-conditioning appa-
ratus accordingly includes a plurality of indoor units. In
addition, when the building is large the refrigerant pipe
connecting between the outdoor unit and the indoor units
may even reach 100 meters. When the pipe connecting
between the outdoor unit and the indoor units is longer,
the amount of the refrigerant to be loaded in the refrig-
erant circuit increases as much.
[0004] The indoor units of the multi-air-conditioning ap-
paratus for building are normally installed and utilized in
indoor spaces where people are present (e.g., offices,
living rooms, and stores). In case that for some reason
the refrigerant leaks out of the indoor unit installed in the
indoor space, serious concerns may arise from the view-
point of impact to human body and safety, because some
kind of refrigerants are flammable and/or poisonous.
Even when the refrigerant is harmless to human body,
the leakage of the refrigerant leads to a decrease in ox-
ygen concentration in the indoor space, which may exert
a negative influence to human body.
[0005] Accordingly, an air-conditioning apparatus in-
cluding dual loops has been proposed, in which refriger-
ant is used in a primary loop and water or brine, which
is harmless, is used in a secondary loop, to condition the
air in a space where persons are present (see, for exam-
ple, Patent Literature 2).

Citation List

Patent Literature

[0006]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 2000-227242
Patent Literature 2: International Publication No.
2010/109571

Summary of Invention

Technical Problem

[0007] The conventional air-conditioning apparatuses
that include a plurality of indoor units are provided with
a plurality of remote controllers corresponding to the re-
spective indoor units. The remote controllers are each
configured to transmit instructions to start or stop the op-
eration, with a desired operation mode and a target tem-
perature (desired temperature of the space to be air-con-
ditioned), to the corresponding indoor unit. In addition,
the indoor units each include a sucked air temperature
sensor that detects the temperature of the air-conditioned
space. Accordingly, in the conventional air-conditioning
apparatus including a plurality of indoor units, first the
remote controller transmits the instruction of the opera-
tion and data related to the target temperature and rota-
tion speed of an indoor air-sending device to the control-
ler of the indoor unit, to activate the air-conditioning ap-
paratus. Upon receipt of such instruction and data, the
controller of the indoor unit transmit the received instruc-
tion and data to a controller of a heat source unit, together
with data detected by the sucked air temperature sensor.
In other words, the conventional air-conditioning appa-
ratus including a plurality of indoor units is configured to
again transmit the instruction and data transmitted from
the remote controller to the controller of the indoor unit,
to the controller of the heat source unit. The conventional
air-conditioning apparatus including a plurality of indoor
units has, therefore, the drawback in that the communi-
cation traffic increases along with an increase in number
of indoor units.
[0008] The present invention has been accomplished
in view of the foregoing problem, and provides an air-
conditioning apparatus configured to suppress an in-
crease in communication traffic despite the number of
indoor units being increased.

Solution to Problem

[0009] In an aspect, the present invention provides an
air-conditioning apparatus including a heat source unit
that exchanges heat between outdoor air and a heat
source-side heat exchanger thereby generating cooling
energy or heating energy, a plurality of indoor units each
connected to the heat source unit, and configured to ex-
change heat between air in a space to be air-conditioned
supplied by an indoor air-sending device and a use-side
heat exchanger and transmit the cooling energy or heat-
ing energy supplied from the heat source unit to the space
to be air-conditioned thereby conditioning air in the space
to be air-conditioned, a plurality of remote controllers re-
spectively provided for the plurality of indoor units to input
an instruction to start and stop an operation of the cor-
responding indoor unit, an operation mode, and a target
temperature of the space to be air-conditioned by the
corresponding the indoor unit, a heat source unit control-
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ler provided in the heat source unit and configured to
control devices constituting the heat source unit, and a
plurality of indoor unit controllers respectively provided
in the indoor units and configured to control devices con-
stituting the indoor unit. The remote controllers each in-
clude a temperature sensor that detect a temperature of
the corresponding space to be air-conditioned, and is
configured to communicate with the heat source unit con-
troller and the indoor unit controller of the corresponding
indoor unit, transmit the instruction to start and stop the
operation and data related to rotation speed of the indoor
air-sending device to the corresponding indoor unit con-
troller, and transmit the instruction to start and stop the
operation, and the target temperature and the tempera-
ture detected by the temperature sensor or a difference
therebetween, to the heat source unit controller.

Advantageous Effects of Invention

[0010] In the air-conditioning apparatus configured as
above, each of the remote controllers includes the tem-
perature sensor (for detecting the temperature of the cor-
responding space to be air-conditioned), corresponding
to the sucked air temperature sensor provided in each
of the indoor units of the conventional air-conditioning
apparatus. Accordingly, the air-conditioning apparatus
thus configured enables the instruction to start and stop
the operation and the data of the target temperature and
the temperature detected by the temperature sensor to
be directly transmitted from each of the remote control-
lers to the heat source unit controller. Therefore, the air-
conditioning apparatus according to the present inven-
tion suppresses an increase in communication traffic de-
spite the number of indoor units being increased.

Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 is a schematic drawing showing an
installation example of an air-conditioning apparatus
according to Embodiment of the present invention.
[Fig. 2] Fig. 2 is a schematic diagram showing a con-
figuration of a refrigerant circuit in the air-condition-
ing apparatus according to Embodiment of the
present invention.
[Fig. 3] Fig. 3 is a circuit diagram showing the flow
of refrigerant in the air-conditioning apparatus shown
in Fig. 2, in a cooling-only operation.
[Fig. 4] Fig. 4 is a circuit diagram showing the flow
of refrigerant in the air-conditioning apparatus shown
in Fig. 2, in a heating-only operation.
[Fig. 5] Fig. 5 is a circuit diagram showing the flow
of refrigerant in the air-conditioning apparatus shown
in Fig. 2, in a cooling-main operation.
[Fig. 6] Fig. 6 is a circuit diagram showing the flow
of refrigerant in the air-conditioning apparatus shown
in Fig. 2, in a heating-main operation.

[Fig. 7] Fig. 7 is a table showing a list of communi-
cation items in the air-conditioning apparatus ac-
cording to Embodiment of the present invention. De-
scription of Embodiment

Embodiment

[0012] Fig. 1 is a schematic drawing showing an instal-
lation example of an air-conditioning apparatus accord-
ing to Embodiment of the present invention. Referring to
Fig. 1, an installation example of an air-conditioning ap-
paratus 100 will be described. The air-conditioning ap-
paratus 100 includes a refrigeration cycle in which refrig-
erant circulates, and indoor units 2a to 2d are configured
to select an operation mode as desired, either a cooling
mode or a heating mode. The air-conditioning apparatus
100 according to Embodiment includes a refrigerant cir-
cuit A (see Fig. 2), and a heat medium circuit B (see Fig.
2). Examples of the refrigerant that may be employed in
the refrigerant circuit A include a single mixed refrigerant
such as R-22, R-32, or R-134a, a pseudo-azeotropic re-
frigerant mixture such as R-410Aor R-404A, a non-aze-
otropic refrigerant mixture such as R-407C, refrigerant
containing a double bond in the formula and having a
relatively low global warming potential such as
CF3CF=CH2, or a mixture thereof, or a natural refrigerant
such as CO2 or propane. In the heat medium circuit B,
for example water is employed as the heat medium.
[0013] The air-conditioning apparatus 100 according
to Embodiment adopts an indirect method in which the
refrigerant (heat source-side refrigerant) is indirectly uti-
lized. Specifically, cooling energy or heating energy re-
tained by the heat source-side refrigerant is transmitted
to another refrigerant (hereinafter, heat medium) differ-
ent from the heat source-side refrigerant, so as to cool
or heat a space to be air-conditioned with the cooling
energy or heating energy retained by the heat medium.
[0014] As shown in Fig. 1, the air-conditioning appa-
ratus 100 according to Embodiment includes an outdoor
unit 1 serving as the heat source unit, a plurality of indoor
units 2, and a heat medium converter 3 interposed be-
tween the outdoor unit 1 and the indoor units 2. The heat
medium converter 3 serves for heat exchange between
the heat source-side refrigerant and the heat medium.
The outdoor unit 1 and the heat medium converter 3 are
connected to each other via a refrigerant pipe 4 in which
the heat source-side refrigerant circulates. The heat me-
dium converter 3 and each of the indoor units 2 are con-
nected to each other via a pipe (heat medium pipe) 5 in
which the heat medium circulates. The cooling energy or
heating energy generated in the outdoor unit 1 is distrib-
uted to the indoor units 2 through the heat medium con-
verter 3.
[0015] The outdoor unit 1 is normally installed in an
outdoor space 6 (e.g., roof) outside an architectural struc-
ture, for example a building 9, and serves to supply cool-
ing energy or heating energy to the indoor units 2 through
the heat medium converter 3.
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[0016] The indoor units 2 are each located at a position
appropriate for supplying cooling air or heating air into
an indoor space 7 inside the building 9, for example a
living room, and supply the cooling air or heating air into
the indoor space 7 which is the space to be air-condi-
tioned.
[0017] The heat medium converter 3 is placed in a sep-
arate casing from the outdoor unit 1 and the indoor unit
2, and installed at a different position from the outdoor
space 6 and the indoor space 7. The heat medium con-
verter 3 is connected to the outdoor unit 1 and the indoor
unit 2 via the refrigerant pipe 4 and the pipe 5, respec-
tively, and serves to transmit the cooling energy or heat-
ing energy supplied from the outdoor unit 1, to the indoor
unit 2.
[0018] As shown in Fig. 1, in the air-conditioning ap-
paratus 100 according to Embodiment, the outdoor unit
1 and the heat medium converter 3 are connected to
each other via the refrigerant pipe 4 routed in two lines,
and the heat medium converter 3 and each of the indoor
units 2a to 2d are connected to each other via the pipe
5 routed in two lines. Thus, in the air-conditioning appa-
ratus 100 according to Embodiment 1, the units (outdoor
unit 1, indoor units 2, and heat medium converter 3) are
connected to each other via the refrigerant pipe 4 and
the pipe 5, which facilitates the installation work.
[0019] Here, Fig. 1 illustrates the case where the heat
medium converter 3 is located inside the building 9 but
in a space different from the indoor space 7 (e.g., a place
above the ceiling of the building 9, hereinafter simply
"space 8"). Instead, the heat medium converter 3 may
be located, for example, in a common-use space where
an elevator is installed. In addition, although Fig. 1 illus-
trates the indoor units 2 of a ceiling cassette type, differ-
ent types may be adopted. The air-conditioning appara-
tus 100 may be installed in any desired manner, for ex-
ample recessed in the ceiling or suspended from the ceil-
ing, so long as the heating air or cooling air can be blown
into the indoor space 7 directly or through a duct or the
like.
[0020] The heat medium converter 3 may also be lo-
cated in the vicinity of the outdoor unit 1. It is to be noted,
however, that installing the heat medium converter 3 far
from the indoor units 2 leads to an increase in power
consumption for transporting the heat medium, which is
undesirable from the viewpoint of energy saving.
[0021] Fig. 2 is a schematic diagram showing a con-
figuration of a refrigerant circuit in the air-conditioning
apparatus according to Embodiment of the present in-
vention.
[0022] As shown in Fig. 2, the outdoor unit 1 and the
heat medium converter 3 are connected to each other
via the refrigerant pipe 4 routed through an intermediate
heat exchanger 15a and an intermediate heat exchanger
15b provided in the heat medium converter 3. The heat
medium converter 3 and the indoor units 2 are also con-
nected via the pipe 5. The refrigerant pipe 4 will be sub-
sequently described in details.

[Outdoor Unit 1]

[0023] The outdoor unit 1 includes a compressor 10
that compresses the refrigerant, a first refrigerant flow
switching device 11 constituted of, for example, a four-
way valve, a heat source-side heat exchanger 12 that
serves as an evaporator or a condenser, and an accu-
mulator 19 that stores a surplus of the refrigerant, which
are connected via the refrigerant pipe 4.
[0024] The outdoor unit 1 also includes a first connec-
tion pipe 4a, a second connection pipe 4b, a check valve
13a, a check valve 13b, a check valve 13c, and a check
valve 13d. Providing the first connection pipe 4a, the sec-
ond connection pipe 4b, the check valve 13a, the check
valve 13b, the check valve 13c, and the check valve 13d
allows the heat source-side refrigerant flowing into the
heat medium converter 3 to flow only in a predetermined
direction, irrespective of the operation mode required by
the indoor units 2.
[0025] The compressor 10 sucks the heat source-side
refrigerant and compresses the heat source-side refrig-
erant into a high-temperature/high-pressure state, and
may be constituted of, for example, a variable-capacity
inverter compressor.
[0026] The first refrigerant flow switching device 11
serves to switch the flow of the heat source-side refrig-
erant, between a flow in a heating operation mode (heat-
ing-only operation mode and heating-main operation
mode) and a flow in a cooling operation mode (cooling-
only operation mode and cooling-main operation mode).
To be more detailed, the first refrigerant flow switching
device 11 switches the flow path of the heat source-side
refrigerant discharged from the compressor 10, between
the heating operation mode (heating-only operation
mode and heating-main operation mode) and the cooling
operation mode (cooling-only operation mode and cool-
ing-main operation mode).
[0027] The heat source-side heat exchanger 12 serves
as an evaporator in the heating operation and a condens-
er in the cooling operation, to exchange heat between
air supplied from a non-illustrated outdoor air-sending
device such as a fan and the heat source-side refrigerant.
[0028] The accumulator 19 is provided on the suction
side of the compressor 10.
[0029] In addition, a second pressure sensor 37 and a
third pressure sensor 38 as pressure detecting devices
are respectively provided on the inlet side and the outlet
side of the compressor 10, so as to calculate the flow
rate of the refrigerant on the basis of the rotation speed
of the compressor 10 and the values detected by the
pressure sensors 37, 38.

[Indoor Unit 2]

[0030] The indoor units 2 each include a use-side heat
exchanger 26. The use-side heat exchanger 26 is con-
nected to a heat medium flow control device 25 and a
second heat medium flow switching device 23 of the heat
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medium converter 3, via the pipe 5. The use-side heat
exchanger 26 serves to exchange heat between the heat
medium and air supplied by an indoor air-sending device
27, such as a fan, to thereby generate the heating air or
cooling air to be supplied to the indoor space 7.

[Heat Medium Converter 3]

[0031] The heat medium converter 3 includes two in-
termediate heat exchangers 15a and 15b in which the
refrigerant and the heat medium exchange heat with
each other, two expansion devices 16a and 16b for de-
pressurizing the refrigerant, two open/close devices 17a
and 17b for opening and closing the flow path in the re-
frigerant pipe 4, two second refrigerant flow switching
devices 18a and 18b for switching the flow path of the
refrigerant, two pumps 21 a and 21 b for causing the heat
medium to circulate, four first heat medium flow switching
devices 22a to 22d each connected to a line of the pipe
5, four second heat medium flow switching devices 23a
to 23d each connected to the other line of the pipe 5, and
four heat medium flow control devices 25a to 25d each
connected to the pipe 5 to which the second heat medium
flow switching devices 22a to 22d are connected.
[0032] The two intermediate heat exchangers 15a, 15b
(may be collectively referred to as intermediate heat ex-
changer 15) act as a condenser (radiator) or an evapo-
rator, to exchange heat between the heat source-side
refrigerant and the heat medium and transmit the cooling
energy or heating energy generated in the outdoor unit
1 and retained by the heat source-side refrigerant, to the
heat medium. The intermediate heat exchanger 15a is
provided between the expansion device 16a and the sec-
ond refrigerant flow switching device 18a in the refriger-
ant circuit A, for cooling the heat medium in a cooling and
heating mixed operation mode. The intermediate heat
exchanger 15b is provided between the expansion de-
vice 16b and the second refrigerant flow switching device
18b in the refrigerant circuit A, for heating the heat me-
dium in the cooling and heating mixed operation mode.
[0033] The two expansion devices 16a, 16b (may be
collectively referred to as expansion device 16) have the
function of a pressure reducing valve or an expansion
valve, to depressurize and expand the heat source-side
refrigerant. The expansion device 16a is located up-
stream of the intermediate heat exchanger 15a, in the
flow of the heat source-side refrigerant arranged for the
cooling-only operation mode. The expansion device 16b
is located upstream of the intermediate heat exchanger
15b in the flow of the heat source-side refrigerant ar-
ranged for the cooling-only operation mode. The expan-
sion device 16 may be constituted of, for example, an
electronic expansion valve with variable opening degree.
[0034] The open/close devices 17a, 17b are constitut-
ed of a two-way valve for example, and serve to open
and close the refrigerant pipe 4.
[0035] The two second refrigerant flow switching de-
vices 18a, 18b (may be collectively referred to as second

refrigerant flow switching device 18) are each constituted
of a four-way valve for example, and serve to switch the
flow of the heat source-side refrigerant depending on the
operation mode. The second refrigerant flow switching
device 18a is located downstream of the intermediate
heat exchanger 15a, in the flow of the heat source-side
refrigerant arranged for the cooling-only operation mode.
The second refrigerant flow switching device 18b is lo-
cated downstream of the intermediate heat exchanger
15b, in the flow of the heat source-side refrigerant ar-
ranged for the cooling-only operation mode.
[0036] The two pumps 21 a, 21 b (may be collectively
referred to as pump 21) serve to cause the heat medium
to circulate in the pipe 5. The pump 21a is located in the
pipe 5 at a position between the intermediate heat ex-
changer 15a and the second heat medium flow switching
device 23. The pump 21b is located in the pipe 5 at a
position between the intermediate heat exchanger 15b
and the second heat medium flow switching device 23.
The pump 21 may be constituted of a variable-capacity
valve, for example. Here, the pump 21 a may be provided
to the pipe 5 at a position between the intermediate heat
exchanger 15a and the first heat medium flow switching
device 22. Likewise, the pump 21 b may be provided to
the pipe 5 at a position between the intermediate heat
exchanger 15b and the first heat medium flow switching
device 22.
[0037] The four first heat medium flow switching de-
vices 22a to 22d (may be collectively referred to as first
heat medium flow switching device 22) are each consti-
tuted of a three-way valve for example, and serve to
switch the flow path of the heat medium. The number of
first heat medium flow switching devices 22 corresponds
to the number of indoor units 2a to 2d (four in Embodi-
ment). The first heat medium flow switching device 22 is
provided on the outlet side of the heat medium flow path
of the corresponding use-side heat exchanger 26a, with
one of the three ways connected to the intermediate heat
exchanger 15a, another way connected to the interme-
diate heat exchanger 15b, and the remaining way con-
nected to the heat medium flow control device 25. The
first heat medium flow switching device 22 is numbered
as first heat medium flow switching device 22a, first heat
medium flow switching device 22b, first heat medium flow
switching device 22c, and first heat medium flow switch-
ing device 22d from the bottom of Fig. 2, so as to corre-
spond to the indoor units 2a to 2d. Although Fig. 2 illus-
trates the numerals 22a, 22b, 22c, and 22d in the heat
medium converter 3, the number of first heat medium
flow switching devices 22a may be increased in accord-
ance with the number of indoor units 2 included in the
system.
[0038] The four second heat medium flow switching
devices 23a to 23d (may be collectively referred to as
second heat medium flow switching device 23) are each
constituted of a three-way valve for example, and serve
to switch the flow path of the heat medium. The number
of second heat medium flow switching devices 23 corre-
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sponds to the number of indoor units 2 (four in Embodi-
ment). The second heat medium flow switching device
23 is provided on the inlet side of the heat medium flow
path of the corresponding use-side heat exchanger 26,
with one of the three ways connected to the intermediate
heat exchanger 15a, another way connected to the in-
termediate heat exchanger 15b, and the remaining way
connected to the use-side heat exchanger 26. The sec-
ond heat medium flow switching device 23 is numbered
as second heat medium flow switching device 23a, sec-
ond heat medium flow switching device 23b, second heat
medium flow switching device 23c, and second heat me-
dium flow switching device 23d from the bottom of Fig.
2, so as to correspond to the indoor units 2a to 2d. Al-
though Fig. 2 illustrates the numerals 23a, 23b, 23c, and
23d in the heat medium converter 3, the number of sec-
ond heat medium flow switching devices 23 may be in-
creased in accordance with the number of indoor units 2
included in the system.
[0039] The four heat medium flow control devices 25a
to 25d (may be collectively referred to as heat medium
flow control device 25) are each constituted of, for exam-
ple, a two-way valve with variable opening degree, and
serve to control the flow rate of the heat medium flowing
in the pipe 5. The number of heat medium flow control
devices 25 corresponds to the number of indoor units 2
(four in Embodiment). The heat medium flow control de-
vice 25 is located on the outlet side of the heat medium
flow path of the corresponding use-side heat exchanger
26, with one way connected to the use-side heat ex-
changer 26 and the other way connected to the first heat
medium flow switching device 22. The heat medium flow
control device 25 is numbered as heat medium flow con-
trol device 25a, heat medium flow control device 25b,
heat medium flow control device 25c, and heat medium
flow control device 25d from the bottom in Fig. 2, so as
to correspond to the indoor units 2a to 2d. Although Fig.
2 illustrates the numerals 25a, 25b, 25c, and 25d in the
heat medium converter 3, the number of heat medium
flow control devices 25 may be increased in accordance
with the number of indoor units 2 included in the system.
[0040] In addition, the heat medium flow control device
25 may be provided on the inlet side of the heat medium
flow path of the use-side heat exchanger 26.
[0041] Further, the heat medium converter 3 includes
various sensors (two first temperature sensors 31 a, 31
b, four second temperature sensors 34a to 34d, four third
temperature sensors 35a to 35d, a fourth temperature
sensor 50, and a first pressure sensor 36). The informa-
tion detected by these sensors (for example, temperature
information and pressure information) is transmitted to a
controller that controls the overall operation of the air-
conditioning apparatus 100, to be utilized for controlling
the driving frequency of the compressor 10, the rotation
speed of a non-illustrated outdoor air-sending device lo-
cated in the vicinity of the heat source-side heat exchang-
er 12 and the indoor air-sending device 27 located in the
vicinity of the use-side heat exchanger 26, the switching

of the first refrigerant flow switching device 11, the driving
frequency of the pump 21, the switching of the second
refrigerant flow switching device 18, and the switching of
the flow path of the heat medium.
[0042] In Embodiment, the mentioned controller is
composed of an outdoor unit controller 57 provided in
the outdoor unit 1, a heat medium converter controller
52 provided in the heat medium converter 3, and an in-
door unit controller 54 provided in each of the indoor units
2. The outdoor unit controller 57, the heat medium con-
verter controller 52, and the indoor unit controller 54 are,
for example, constituted of a microcomputer.
[0043] In addition, the air-conditioning apparatus 100
includes a plurality of remote controllers (may be collec-
tively referred to as remote controller 53) respectively
associated with the indoor units 2. In Embodiment, the
remote controllers 53a to 53d are respectively provided
for the indoor units 2a to 2d. The remote controllers 53a
to 53d respectively include temperature sensors 39a to
39d (temperature sensors corresponding to the sucked
air temperature sensor in the conventional air-condition-
ing apparatus) for detecting the temperature of the space
to be air-conditioned by the corresponding indoor unit 2,
and target temperature setting units 40a to 40d for setting
the target temperature of the space to be air-conditioned
by the corresponding indoor unit 2 (desired temperature
of the space to be air-conditioned).
[0044] The outdoor unit controller 57, the heat medium
converter controller 52, and the indoor unit controller 54
execute the following control to maximize the perform-
ance of the air-conditioning apparatus 100.
[0045] The outdoor unit controller 57 controls the rota-
tion speed of the compressor 10 and the rotation speed
(including turning on and off) of the outdoor air-sending
device so that the pressure detected by the second pres-
sure sensor 37 and the third pressure sensor 38 meets
a predetermined target. The outdoor unit controller 57
also controls the flow path setting of the first refrigerant
flow switching device 11 and the rotation speed (including
turning on and off) of the outdoor air-sending device, on
the basis of information about the operation mode for
example, transmitted from the remote controllers 53a to
53d through the heat medium converter controller 52.
[0046] The heat medium converter controller 52 calcu-
lates a degree of superheating or subcooling on the side
of the refrigerant circuit A in the intermediate heat ex-
changer 15 on the basis of the value detected by the third
temperature sensor 35, and controls the opening degree
of the expansion device 16. The heat medium converter
controller 52 also controls the flow path setting of the
second refrigerant flow switching device 18, the opening
and closing of the open/close devices 17a, 17b, the
switching of the first heat medium flow switching device
22, the switching of the second heat medium flow switch-
ing device 23, the opening degree of the heat medium
flow control device 25, and the rotation speed of the pump
21, on the basis of the information about the operation
mode for example, transmitted from the remote control-
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lers 53a to 53d.
[0047] The indoor unit controllers 54 control the rota-
tion speed (including turning on and off) of the indoor air-
sending device 27 in accordance with data of the rotation
speed (for example, high, medium, and low) of the indoor
air-sending device 27 transmitted from the remote con-
trollers 53a to 53d.
[0048] The two first temperature sensors 31 a, 31 b
(may be collectively referred to as first temperature sen-
sor 31) serve to detect the temperature of the heat me-
dium flowing out of the intermediate heat exchanger 15,
in other words the temperature of the heat medium at the
outlet of the intermediate heat exchanger 15, and may
preferably be constituted of a thermistor. The first tem-
perature sensor 31 a is provided to the pipe 5 at the inlet
of the pump 21 a, and the first temperature sensor 31 b
is provided to the pipe 5 at the inlet of the pump 21 b.
[0049] The four second temperature sensors 34a to
34d (may be collectively referred to as second tempera-
ture sensor 34) are provided between the corresponding
first heat medium flow switching device 22 and the cor-
responding heat medium flow control device 25 to detect
the temperature of the heat medium flowing out of the
use-side heat exchanger 26, and may be constituted of
a thermistor. The number of second temperature sensors
34 corresponds to the number of indoor units 2 (four in
Embodiment). The second temperature sensor 34 is
numbered as second temperature sensor 34a, 34b, 34c,
and 34d from the bottom in Fig. 2, so as to correspond
to the indoor units 2.
[0050] The four third temperature sensors 35a to 35d
(may be collectively referred to as third temperature sen-
sor 35) serve to detect the temperature of the heat
source-side refrigerant flowing into or out of the interme-
diate heat exchanger 15, and may preferably be consti-
tuted of a thermistor. The third temperature sensors 35a
to 35d are respectively provided at the inlet side and the
outlet side on the heat source-side refrigerant side of the
intermediate heat exchanger 15. The third temperature
sensor 35a is provided between the intermediate heat
exchanger 15a and the second refrigerant flow switching
device 18a, and the third temperature sensor 35b is pro-
vided between the intermediate heat exchanger 15a and
the expansion device 16a. The third temperature sensor
35c is provided between the intermediate heat exchanger
15b and the second refrigerant flow switching device 18b,
and the third temperature sensor 35d is provided be-
tween the intermediate heat exchanger 15b and the ex-
pansion device 16b.
[0051] The fourth temperature sensor 50 serves to pro-
vide the temperature information used for calculating an
evaporation temperature and a condensation tempera-
ture, and is provided between the expansion device 16a
and the expansion device 16b.
[0052] The pipe 5 in which the heat medium flows in-
cludes a section connected to the intermediate heat ex-
changer 15a and a section connected to the intermediate
heat exchanger 15b. The pipe 5 is split into the number

of branches (four in Embodiment) corresponding to the
number of indoor units 2 connected to the heat medium
converter 3. The pipe 5 is connected at the first heat
medium flow switching device 22, and the second heat
medium flow switching device 23. By controlling the ac-
tion of the first heat medium flow switching device 22 and
the second heat medium flow switching device 23, it is
decided whether the heat medium from the intermediate
heat exchanger 15a or the heat medium from the inter-
mediate heat exchanger 15b is to be introduced into the
use-side heat exchanger 26.

[Description of Operation Modes]

[0053] In the air-conditioning apparatus 100, the com-
pressor 10, the first refrigerant flow switching device 11,
the heat source-side heat exchanger 12, the open/close
devices 17, the second refrigerant flow switching device
18, the refrigerant flow path of the intermediate heat ex-
changer 15a, the expansion device 16, and the accumu-
lator 19 are connected via the refrigerant pipe 4, so as
to constitute the refrigerant circuit A in the heat medium
converter 3. In addition, the heat medium flow path of the
intermediate heat exchanger 15a, the pump 21, the first
heat medium flow switching device 22, the heat medium
flow control device 25, the use-side heat exchanger 26,
and the second heat medium flow switching device 23
are connected via the pipe 5, so as to constitute the heat
medium circuit B. In other words, the plurality of use-side
heat exchangers 26 are each connected in parallel to
each of the intermediate heat exchangers 15, thus mak-
ing the heat medium circuit B multiple systems.
[0054] Thus, in the air-conditioning apparatus 100 the
outdoor unit 1 and the heat medium converter 3 are con-
nected to each other via the intermediate heat exchanger
15a and the intermediate heat exchanger 15b provided
in the heat medium converter 3, and the heat medium
converter 3 and each of the indoor units 2 are connected
to each other via the intermediate heat exchanger 15a
and the intermediate heat exchanger 15b. In the air-con-
ditioning apparatus 100, therefore, the heat source-side
refrigerant circulating in the refrigerant circuit A and the
heat medium circulating in the heat medium circuit B ex-
change heat with each other in the intermediate heat ex-
changer 15a and the intermediate heat exchanger 15b.
[0055] The operation modes performed by the air-con-
ditioning apparatus 100 will be described hereunder. The
air-conditioning apparatus 100 is configured to allow the
corresponding indoor unit 2 to perform the cooling oper-
ation or heating operation, in accordance with an instruc-
tion received from each of the indoor units 2. Further, the
air-conditioning apparatus 100 is configured to allow all
of the indoor units 2 to perform the same operation, or
allow each of the indoor units 2 to perform a different
operation.
[0056] The operation modes that the air-conditioning
apparatus 100 is configured to perform include a cooling-
only operation mode in which all of the indoor units 2 in
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operation perform the cooling operation, a heating-only
operation mode in which all of the indoor units 2 in oper-
ation perform the heating operation, a cooling-main op-
eration mode in which the load of cooling is greater of a
cooling and heating mixed operation, and a heating-main
operation mode in which the load of heating is greater of
the cooling and heating mixed operation. Each of these
operation modes will be described hereunder, along with
the flows of the heat source-side refrigerant and the heat
medium.

[Cooling-Only Operation Mode]

[0057] Fig. 3 is a circuit diagram showing the flow of
refrigerant in the air-conditioning apparatus 100 shown
in Fig. 2, in the cooling-only operation (pattern 1). Refer-
ring to Fig. 3, the cooling-only operation mode will be
described on the assumption that a cooling load has aris-
en in the indoor units associated with the use-side heat
exchangers 26a and 26b. In Fig. 3, the flow of the heat
source-side refrigerant is indicated by solid arrows and
the flow of the heat medium is indicated by broken-line
arrows.
[0058] In the cooling-only operation mode shown in
Fig. 3, the first refrigerant flow switching device 11 is
switched so as to cause the heat source-side refrigerant
discharged from the compressor 10 to flow into the heat
source-side heat exchanger 12, in the outdoor unit 1. In
the heat medium converter 3, the pump 21 a and the
pump 21 b are driven with the heat medium flow control
devices 25a, 25b fully opened and the heat medium flow
control devices 25c, 25d fully close, so that the heat me-
dium circulates between each of the intermediate heat
exchanger 15a and the intermediate heat exchanger 15b
and the use-side heat exchangers 26a and 26b.
[0059] The flow of the heat source-side refrigerant in
the refrigerant circuit A will first be described.
[0060] The refrigerant in a low-temperature/low-pres-
sure state is compressed by the compressor 10 and dis-
charged therefrom in the form of high-temperature/high-
pressure gas refrigerant. The high-temperature/high-
pressure gas refrigerant discharged from the compressor
10 flows into the heat source-side heat exchanger 12
through the first refrigerant flow switching device 11, and
transmits heat to outdoor air in the heat source-side heat
exchanger 12 thereby turning into high-pressure liquid
refrigerant. The high-pressure refrigerant which has
flowed out of the heat source-side heat exchanger 12
flows out of the outdoor unit 1 through the check valve
13a, and flows into the heat medium converter 3 through
the refrigerant pipe 4. The high-pressure refrigerant
which has entered the heat medium converter 3 is
branched after passing through the open/close device
17a and then expanded in the expansion device 16a and
the expansion device 16b so as to turn into low-temper-
ature/low-pressure two-phase refrigerant. Here, the
open/close device 17b is closed.
[0061] The two-phase refrigerant flows into each of the

intermediate heat exchanger 15a and the intermediate
heat exchanger 15b acting as an evaporator, and cools
the heat medium circulating in the heat medium circuit B
by removing heat from the heat medium, thereby turning
into low-temperature/low-pressure gas refrigerant. The
gas refrigerant which has flowed out of the intermediate
heat exchanger 15a and the intermediate heat exchanger
15b flows out of the heat medium converter 3 through
the second refrigerant flow switching device 18a and the
second refrigerant flow switching device 18b, and again
flows into the outdoor unit 1 through the refrigerant pipe
4. The refrigerant which has entered the outdoor unit 1
passes through the check valve 13d, and is again sucked
into the compressor 10 through the first refrigerant flow
switching device 11 and the accumulator 19.
[0062] In the mentioned process, the second refriger-
ant flow switching device 18a and the second refrigerant
flow switching device 18b communicate with the low-
pressure pipe. In addition, the opening degree of the ex-
pansion device 16a is controlled so as to keep a degree
of superheating at a constant level, the degree of super-
heating representing a difference between the tempera-
ture detected by the third temperature sensor 35a and
the temperature detected by the third temperature sensor
35b. Likewise, the opening degree of the expansion de-
vice 16b is controlled so as to keep a degree of super-
heating at a constant level, the degree of superheating
representing a difference between the temperature de-
tected by the third temperature sensor 35c and the tem-
perature detected by the third temperature sensor 35d.
[0063] The flow of the heat medium in the heat medium
circuit B will now be described.
[0064] In the cooling-only operation mode, the cooling
energy of the heat source-side refrigerant is transmitted
to the heat medium in both of the intermediate heat ex-
changer 15a and the intermediate heat exchanger 15b,
and the cooled heat medium is driven by the pumps 21
a and the pump 21 b to flow through the pipe 5. The heat
medium pressurized in the pump 21 a and the pump 21
b and discharged therefrom flows into each of the use-
side heat exchangers 26a and 26b through the second
heat medium flow switching device 23a and the second
heat medium flow switching device 23b, respectively.
Then the heat medium removes heat from indoor air in
the use-side heat exchanger 26a and the use-side heat
exchanger 26b, thereby cooling the indoor space 7.
[0065] Thereafter, the heat medium flows out of the
use-side heat exchanger 26a and the use-side heat ex-
changer 26b and flows into the heat medium flow control
device 25a and the heat medium flow control device 25b.
In the mentioned process, the heat medium flows into
the use-side heat exchanger 26a and the use-side heat
exchanger 26b at a flow rate controlled so as to satisfy
the air-conditioning load required in the indoor space, by
the heat medium flow control device 25a and the heat
medium flow control device 25b, respectively. The heat
medium which has flowed out of the heat medium flow
control device 25a and the heat medium flow control de-

13 14 



EP 2 927 611 A1

9

5

10

15

20

25

30

35

40

45

50

55

vice 25b passes through the first heat medium flow
switching device 22a and the first heat medium flow
switching device 22b, respectively, and flows into the in-
termediate heat exchanger 15a and the intermediate
heat exchanger 15b, and is again sucked into the pump
21 a and the pump 21 b.
[0066] In the pipe 5 in the use-side heat exchanger 26a
and the use-side heat exchanger 26b, the heat medium
flows in the direction from the second heat medium flow
switching device 23 toward the first heat medium flow
switching device 22 through the heat medium flow control
device 25. The air-conditioning load required in the indoor
space 7 can be satisfied by controlling so as to maintain
at a target value the difference between the temperature
detected by the first temperature sensor 31 a or the tem-
perature detected by the first temperature sensor 31 b
and the temperature detected by the second temperature
sensor 34a or 34b. Either of the temperatures detected
by the first temperature sensor 31 a and the first temper-
ature sensor 31 b, or the average temperature thereof,
may be adopted as the temperature at the outlet of the
intermediate heat exchanger 15. In the mentioned proc-
ess, the first heat medium flow switching device 22 and
the second heat medium flow switching device 23 are
set to an intermediate opening degree, so as to secure
the flow path conducting to both of the intermediate heat
exchanger 15a and the intermediate heat exchanger 15b.
[0067] During the cooling-only operation mode, the
flow path to the use-side heat exchanger 26 where the
thermal load has not arisen (including a state where a
thermostat is off) is closed by the heat medium flow con-
trol device 25 to restrict the flow of the heat medium,
since it is not necessary to supply the heat medium to
such use-side heat exchanger 26. In Fig. 3, the thermal
load is present in the use-side heat exchangers 26a, 26b
and hence the heat medium is supplied thereto, however
since the use-side heat exchangers 26c, 26d are not to
be activated, the corresponding heat medium flow control
device 25c and heat medium flow control device 25d are
fully closed. When the thermal load arises in these use-
side heat exchangers, the heat medium flow control de-
vice 25 may be opened so as to allow the heat medium
to circulate.

[Heating Only Operation Mode]

[0068] Fig. 4 is a refrigerant circuit diagram showing
the flow of the heat medium in the heating-only operation
mode of the air-conditioning apparatus 100 shown in Fig.
2. Referring to Fig. 4, the heating-only operation mode
will be described on the assumption that a heating load
has arisen in the use-side heat exchangers 26a, 26b. In
Fig. 4, the flow of the heat source-side refrigerant is in-
dicated by solid arrows and the flow of the heat medium
is indicated by broken-line arrows.
[0069] In the heating-only operation mode shown in
Fig. 4, the first refrigerant flow switching device 11 is
switched so as to cause the heat source-side refrigerant

discharged from the compressor 10 to flow into the heat
medium converter 3 without passing through the heat
source-side heat exchanger 12, in the outdoor unit 1. In
the heat medium converter 3, the pump 21a and the pump
21 b are driven with the heat medium flow control devices
25a, 25b fully opened and the heat medium flow control
devices 25c, 25d fully closed, so that the heat medium
circulates between each of the intermediate heat ex-
changer 15a and the intermediate heat exchanger 15b
and the use-side heat exchangers 26a, 26b.
[0070] The flow of the heat source-side refrigerant in
the refrigerant circuit A will first be described. The heat
source-side refrigerant in a low-temperature/low-pres-
sure state is compressed by the compressor 10 and dis-
charged therefrom in the form of high-temperature/high-
pressure gas refrigerant. The high-temperature/high-
pressure gas refrigerant discharged from the compressor
10 passes through the first refrigerant flow switching de-
vice 11 and the check valve 13b, and flows out of the
outdoor unit 1. The high-temperature/high-pressure gas
refrigerant which has flowed out of the outdoor unit 1 is
flows into the heat medium converter 3 through the re-
frigerant pipe 4. The high-temperature/high-pressure gas
refrigerant which has entered the heat medium converter
3 is branched and passes through the second refrigerant
flow switching device 18a and the second refrigerant flow
switching device 18b, and flows into each of the interme-
diate heat exchanger 15a and the intermediate heat ex-
changer 15b.
[0071] The high-temperature/high-pressure gas refrig-
erant which has entered the intermediate heat exchanger
15a and the intermediate heat exchanger 15b transmits
heat to the heat medium circulating in the heat medium
circuit B, thereby turning into high-pressure liquid refrig-
erant. The liquid refrigerant which has flowed out of the
intermediate heat exchanger 15a and the intermediate
heat exchanger 15b is expanded in the expansion device
16a and the expansion device 16b thereby turning into
low-temperature/low-pressure two-phase refrigerant.
The two-phase refrigerant flows out of the heat medium
converter 3 through the open/close device 17b, and again
flows into the outdoor unit 1 through the refrigerant pipe
4. Here the, open/close device 17a is closed.
[0072] The refrigerant which has entered the outdoor
unit 1 flows into the heat source-side heat exchanger 12
acting as an evaporator, through the check valve 13c.
The refrigerant which has entered the heat source-side
heat exchanger 12 removes heat from outdoor air in the
heat source-side heat exchanger 12 thereby turning into
low-temperature/low-pressure gas refrigerant. The low-
temperature/low-pressure gas refrigerant which has
flowed out of the heat source-side heat exchanger 12 is
again sucked into the compressor 10, through the first
refrigerant flow switching device 11 and the accumulator
19.
[0073] In the mentioned process, the second refriger-
ant flow switching device 18a and the second refrigerant
flow switching device 18b communicate with the high-
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pressure pipe. In addition, the opening degree of the ex-
pansion device 16a is controlled so as to keep a degree
of subcooling at a constant level, the degree of subcool-
ing representing a difference between a saturation tem-
perature converted from the pressure detected by the
pressure sensor 36 and the temperature detected by the
third temperature sensor 35b. Likewise, the opening de-
gree of the expansion device 16b is controlled so as to
keep a degree of subcooling at a constant level, the de-
gree of subcooling representing a difference between a
saturation temperature converted from the pressure de-
tected by the pressure sensor 36 and the temperature
detected by the third temperature sensor 35d. Here, in
the case where the temperature at an intermediate po-
sition of the intermediate heat exchanger 15 can be
measured, the temperature at the intermediate position
may be used instead of the pressure sensor 36, in which
case the system can be formed at a lower cost.
[0074] The flow of the heat medium in the heat medium
circuit B will now be described.
[0075] In the heating-only operation mode, the heating
energy of the heat source-side refrigerant is transmitted
to the heat medium in both of the intermediate heat ex-
changer 15a and the intermediate heat exchanger 15b,
and the heated heat medium is driven by the pump 21 a
and the pump 21 b to flow through the pipe 5. The heat
medium pressurized in the pump 21 a and the pump 21
b and discharged therefrom flows into the use-side heat
exchanger 26a and the use-side heat exchanger 26b
through the second heat medium flow switching device
23a and the second heat medium flow switching device
23b, respectively. Then the heat medium transmits heat
to indoor air in the use-side heat exchanger 26a and the
use-side heat exchanger 26b, thereby heating the indoor
space 7.
[0076] Thereafter, the heat medium flows out of the
use-side heat exchanger 26a and the use-side heat ex-
changer 26b and flows into the heat medium flow control
device 25a, the heat medium flow control device 25b,
and the heat medium flow control device 25c. In the men-
tioned process, the heat medium flows into the use-side
heat exchanger 26a and the use-side heat exchanger
26b at a flow rate controlled so as to satisfy the air-con-
ditioning load required in the indoor space, by the heat
medium flow control device 25a and the heat medium
flow control device 25b, respectively. The heat medium
which has flowed out of the heat medium flow control
device 25a and the heat medium flow control device 25b
passes through the first heat medium flow switching de-
vice 22a and the first heat medium flow switching device
22b and flows into the intermediate heat exchanger 15a
and the intermediate heat exchanger 15b, and is again
sucked into the pump 21 a and the pump 21 b.
[0077] In the pipe 5 in the use-side heat exchanger 26,
the heat medium flows in the direction from the second
heat medium flow switching device 23 toward the first
heat medium flow switching device 22 through the heat
medium flow control device 25. The air-conditioning load

required in the indoor space 7 can be satisfied by con-
trolling so as to maintain at a target value the difference
between the temperature detected by the first tempera-
ture sensor 31 a or the temperature detected by the first
temperature sensor 31 b and the temperature detected
by the second temperature sensors 34a, 34b. Either of
the temperatures detected by the first temperature sen-
sor 31 a and the first temperature sensor 31 b, or the
average temperature thereof, may be adopted as the
temperature at the outlet of the intermediate heat ex-
changer 15.
[0078] In the mentioned process, the opening degree
of the first heat medium flow switching device 22 and the
second heat medium flow switching device 23 is set to
an intermediate level to secure the flow path leading to
both of the intermediate heat exchanger 15a and the in-
termediate heat exchanger 15b. Although in principle the
use-side heat exchanger 26 is to be controlled on the
basis of the difference in temperature between the inlet
and the outlet thereof, actually the heat medium temper-
ature at the inlet of the use-side heat exchanger 26 is
nearly the same as the temperature detected by the first
temperature sensor 31 b. Therefore, adopting the value
of the first temperature sensor 31 b allows reduction of
the number of temperature sensors, which leads to re-
duction in cost of the system.
[0079] During the heating-only operation mode, the
flow path to the use-side heat exchanger 26 where the
thermal load has not arisen (including a state where a
thermostat is off) is closed by the heat medium flow con-
trol device 25 to restrict the flow of the heat medium,
since it is not necessary to supply the heat medium to
such use-side heat exchanger 26. In Fig. 4, the thermal
load is present in the use-side heat exchangers 26a, 26b
and hence the heat medium is supplied thereto, however
since the use-side heat exchangers 26c, 26d are not to
be activated, the corresponding heat medium flow control
device 25c and heat medium flow control device 25d are
fully closed. When the thermal load arises in these use-
side heat exchangers, the heat medium flow control de-
vice 25 may be opened so as to allow the heat medium
to circulate.

[Cooling Main Operation Mode]

[0080] Fig. 5 is a refrigerant circuit diagram showing
the flow of the heat medium in the cooling-main operation
mode of the air-conditioning apparatus 100 shown in Fig.
2. Referring to Fig. 5, the cooling-main operation mode
will be described on the assumption that a heating load
has arisen in the use-side heat exchanger 26d and a
cooling load has arisen in the use-side heat exchangers
26a to 26c. In Fig. 5, the flow of the heat source-side
refrigerant is indicated by solid arrows and the flow of the
heat medium is indicated by broken-line arrows.
[0081] In the cooling-main operation mode shown in
Fig. 5, the first refrigerant flow switching device 11 is
switched so as to cause the heat source-side refrigerant
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discharged from the compressor 10 to flow into the heat
source-side heat exchanger 12, in the outdoor unit 1. In
the heat medium converter 3, the pump 21 a and the
pump 21 b are driven with the heat medium flow control
devices 25a to 25d fully opened, so that the heat medium
circulates between the intermediate heat exchanger 15a
and the use-side heat exchangers 26a to 26c, as well as
between the intermediate heat exchanger 15b and the
use-side heat exchanger 26d.
[0082] The flow of the heat source-side refrigerant in
the refrigerant circuit A will first be described.
[0083] The heat source-side refrigerant in a low-tem-
perature/low-pressure state is compressed by the com-
pressor 10 and discharged therefrom in the form of high-
temperature/high-pressure gas refrigerant. The high-
temperature/high-pressure gas refrigerant discharged
from the compressor 10 flows into the heat source-side
heat exchanger 12 through the first refrigerant flow
switching device 11, and transmits heat to outdoor air in
the heat source-side heat exchanger 12 thereby turning
into liquid refrigerant. The refrigerant which has flowed
out of the heat source-side heat exchanger 12 flows out
of the outdoor unit 1, and flows into the heat medium
converter 3 through the check valve 13a and the refrig-
erant pipe 4. The refrigerant which has entered the heat
medium converter 3 flows into the intermediate heat ex-
changer 15b acting as a condenser, through the second
refrigerant flow switching device 18b.
[0084] The refrigerant which has entered the interme-
diate heat exchanger 15b transmits heat to the heat me-
dium circulating in the heat medium circuit B, thereby
further losing the temperature. The refrigerant which has
flowed out of the intermediate heat exchanger 15b is ex-
panded in the expansion device 16b so as to turn into
low-pressure two-phase refrigerant. The low-pressure
two-phase refrigerant flows into the intermediate heat ex-
changer 15a acting as an evaporator through the expan-
sion device 16a. The low-pressure two-phase refrigerant
which has entered the intermediate heat exchanger 15a
cools the heat medium circulating in the heat medium
circuit B by removing heat therefrom, thus turning into
low-pressure gas refrigerant. The gas refrigerant flows
out of the intermediate heat exchanger 15a, flows out of
the heat medium converter 3 through the second refrig-
erant flow switching device 18a, and again flows into the
outdoor unit 1 through the refrigerant pipe 4. The refrig-
erant which has entered the outdoor unit 1 passes
through the check valve 13d, the first refrigerant flow
switching device 11, and the accumulator 19, and is again
sucked into the compressor 10.
[0085] In the mentioned process, the second refriger-
ant flow switching device 18a communicates with the low-
pressure pipe, and the second refrigerant flow switching
device 18b communicates with the high-pressure side
pipe. In addition, the opening degree of the expansion
device 16b is controlled so as to keep a degree of super-
heating at a constant level, the degree of superheating
representing a difference between the temperature de-

tected by the third temperature sensor 35a and the tem-
perature detected by the third temperature sensor 35b.
In addition, the expansion device 16a is fully opened and
the open/close device 17b is closed. Here, the opening
degree of the expansion device 16b may be controlled
so as to keep a degree of subcooling at a constant level,
the degree of subcooling representing a difference be-
tween a saturation temperature converted from the pres-
sure detected by the pressure sensor 36 and the tem-
perature detected by the third temperature sensor 35d.
Alternatively, the expansion device 16b may be fully
opened and the expansion device 16a may be utilized to
control the degree of superheating or subcooling.
[0086] The flow of the heat medium in the heat medium
circuit B will now be described.
[0087] In the cooling-main operation mode, the heating
energy of the heat source-side refrigerant is transmitted
to the heat medium in the intermediate heat exchanger
15b, and the heated heat medium is driven by the pump
21 b to flow through the pipe 5. In addition, in the cooling-
main operation mode the cooling energy of the heat
source-side refrigerant is transmitted to the heat medium
in the intermediate heat exchanger 15a, and the cooled
heat medium is driven by the pump 21 a to flow through
the pipe 5.
[0088] In the use-side heat exchanger 26d, the heat
medium transmits heat to the indoor air thereby heating
the indoor space 7. In the use-side heat exchangers 26a
to 26c, the heat medium removes heat from the indoor
air, thereby cooling the indoor space 7. In this process,
the heat medium flows into the use-side heat exchangers
26a to 26d at a flow rate controlled so as to satisfy the
air-conditioning load required in the indoor space, by the
heat medium flow control devices 25a to 25d, respec-
tively. The heat medium with the temperature slightly low-
ered by passing through the use-side heat exchanger
26d flows into the intermediate heat exchanger 15b
through the heat medium flow control device 25d and the
first heat medium flow switching device 22d, and is again
sucked into the pump 21 b. The heat medium with the
temperature slightly increased by passing through the
use-side heat exchangers 26a to 26c flows into the in-
termediate heat exchanger 15a through the heat medium
flow control devices 25a to 25c and the first heat medium
flow switching devices 22a to 22c, and is again sucked
into the pump 21 a.
[0089] In the mentioned process, the heated heat me-
dium and the cooled heat medium are introduced into
the respective use-side heat exchangers 26a to 26d
where the heating load and the cooling load are present,
without being mixed with each other, under the control
of the first heat medium flow switching device 22 and the
second heat medium flow switching device 23. In the pipe
5 in the use-side heat exchangers 26a to 26d, the heat
medium flows in the direction from the second heat me-
dium flow switching device 23 toward the first heat me-
dium flow switching device 22 through the heat medium
flow control device 25, on both of the heating and cooling
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sides. The air-conditioning load required in the indoor
space 7 can be satisfied by controlling so as to maintain
at a target value the difference between the temperature
detected by the first temperature sensor 31 b and the
temperature detected by the second temperature sensor
34 on the heating side, and the difference between the
temperature detected by the temperature detected by
the second temperature sensor 34 and the temperature
detected by the first temperature sensor 31 a on the cool-
ing side.
[0090] During the cooling-main operation mode, the
flow path to the use-side heat exchanger 26 where the
thermal load has not arisen (including a state where a
thermostat is off) is closed by the heat medium flow con-
trol device 25 to restrict the flow of the heat medium,
since it is not necessary to supply the heat medium to
such use-side heat exchanger 26. In Fig. 5, the thermal
load is required in all of the use-side heat exchangers
26, and therefore the heat medium flow control device
25 is fully opened.

[Heating Main Operation Mode]

[0091] Fig. 6 is a refrigerant circuit diagram showing
the flow of the heat medium in the cooling-main operation
mode of the air-conditioning apparatus 100 shown in Fig.
2. Referring to Fig. 6, the heating-main operation mode
will be described on the assumption that a heating load
has arisen in the use-side heat exchangers 26b to 26d
and a cooling load has arisen in the use-side heat ex-
changer 26a. In Fig. 6, the flow of the heat source-side
refrigerant is indicated by solid arrows and the flow of the
heat medium is indicated by broken-line arrows.
[0092] In the heating-main operation mode shown in
Fig. 6, the first refrigerant flow switching device 11 is
switched so as to cause the heat source-side refrigerant
discharged from the compressor 10 to flow into the heat
medium converter 3 without passing through the heat
source-side heat exchanger 12, in the outdoor unit 1. In
the heat medium converter 3, the pump 21a and the pump
21 b are driven with the heat medium flow control devices
25a to 25d fully opened, so that the heat medium circu-
lates between the intermediate heat exchanger 15a and
the use-side heat exchanger 26a, as well as between the
intermediate heat exchanger 15b and the use-side heat
exchangers 26b and 26c.
[0093] First, the flow of the heat source-side refrigerant
in the refrigerant circuit A will be described.
[0094] The heat source-side refrigerant in a low-tem-
perature/low-pressure state is compressed by the com-
pressor 10 and discharged therefrom in the form of high-
temperature/high-pressure gas refrigerant. The high-
temperature/high-pressure gas refrigerant discharged
from the compressor 10 flows out of the outdoor unit 1
through the first refrigerant flow switching device 11 and
the check valve 13b. The high-temperature/high-pres-
sure gas refrigerant which has flowed out of the outdoor
unit 1 flows into the heat medium converter 3 through the

refrigerant pipe 4. The high-temperature/high-pressure
gas refrigerant which has entered the heat medium con-
verter 3 flows into the intermediate heat exchanger 15b
acting as a condenser, through the second refrigerant
flow switching device 18b.
[0095] The gas refrigerant which has entered the in-
termediate heat exchanger 15b transmits heat to the heat
medium circulating in the heat medium circuit B, thereby
turning into liquid refrigerant. The refrigerant which has
flowed out of the intermediate heat exchanger 15b is ex-
panded in the expansion device 16b thereby turning into
low-pressure two-phase refrigerant. The low-pressure
two-phase refrigerant flows into the intermediate heat ex-
changer 15a acting as an evaporator through the expan-
sion device 16a. The low-pressure two-phase refrigerant
which has entered the intermediate heat exchanger 15a
evaporates by removing heat from the heat medium cir-
culating in the heat medium circuit B, thereby cooling the
heat medium. The low-pressure two-phase refrigerant
then flows out of the intermediate heat exchanger 15a,
flows out of the heat medium converter 3 through the
second refrigerant flow switching device 18a, and again
flows into the outdoor unit 1.
[0096] The refrigerant which has entered the outdoor
unit 1 flows into the heat source-side heat exchanger 12
acting as an evaporator, through the check valve 13c.
The refrigerant which has entered the heat source-side
heat exchanger 12 removes heat from outdoor air in the
heat source-side heat exchanger 12 thereby turning into
low-temperature/low-pressure gas refrigerant. The low-
temperature/low-pressure gas refrigerant which has
flowed out of the heat source-side heat exchanger 12 is
again sucked into the compressor 10, through the first
refrigerant flow switching device 11 and the accumulator
19.
[0097] In the mentioned process, the second refriger-
ant flow switching device 18a communicates with the low-
pressure pipe, and the second refrigerant flow switching
device 18b communicates with the high-pressure side
pipe. In addition, the opening degree of the expansion
device 16b is controlled so as to keep a degree of sub-
cooling at a constant level, the degree of subcooling rep-
resenting a difference between a saturation temperature
converted from the pressure detected by the pressure
sensor 36 and the temperature detected by the third tem-
perature sensor 35b. Here, the expansion device 16a is
fully opened and the open/close device 17a is closed.
Alternatively, the expansion device 16b may be fully
opened and the expansion device 16a may be utilized to
control the degree of subcooling.
[0098] The flow of the heat medium in the heat medium
circuit B will now be described.
[0099] In the heating-main operation mode, the heat-
ing energy of the heat source-side refrigerant is trans-
mitted to the heat medium in the intermediate heat ex-
changer 15b, and the heated heat medium is driven by
the pump 21 b to flow through the pipe 5. In the heating-
main operation mode, in addition, the cooling energy of
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the heat source-side refrigerant is transmitted to the heat
medium in the intermediate heat exchanger 15a, and the
cooled heat medium is driven by the pump 21 a to flow
through the pipe 5. The heat medium pressurized in the
pump 21 a and the pump 21 b and discharged therefrom
flows into the use-side heat exchangers 26a to 26d,
through the second heat medium flow switching device
23a and the second heat medium flow switching device
23b, respectively.
[0100] In the use-side heat exchanger 26a, the heat
medium removes heat from the indoor air, thereby cool-
ing the indoor space 7. In the use-side heat exchangers
26b to 26d, the heat medium transmits heat to the indoor
air thereby heating the indoor space 7. In this process,
the heat medium flows into the use-side heat exchanger
26a to 26d at a flow rate controlled so as to satisfy the
air-conditioning load required in the indoor space, by the
heat medium flow control device 25a and the heat me-
dium flow control device 25b, respectively. The heat me-
dium with the temperature slightly increased by passing
through the use-side heat exchanger 26a flows into the
intermediate heat exchanger 15a through the heat me-
dium flow control device 25a and the first heat medium
flow switching device 22a, and is again sucked into the
pump 21 a. The heat medium with the temperature slight-
ly lowered by passing through the use-side heat ex-
changers 26b to 26d flows into the intermediate heat ex-
changer 15b through the heat medium flow control de-
vices 25b to 25d and the first heat medium flow switching
devices 22b to 22d, and is again sucked into the pump
21 b.
[0101] In the mentioned process, the heated heat me-
dium and the cooled heat medium are introduced into
the use-side heat exchanger 26a or 26b to 26d where
the cooling load and the heating load are present, without
being mixed with each other, under the control of the first
heat medium flow switching device 22 and the second
heat medium flow switching device 23. In the pipe 5 in
the use-side heat exchangers 26a and 26b to 26d, the
heat medium flows in the direction from the second heat
medium flow switching device 23 toward the first heat
medium flow switching device 22 through the heat me-
dium flow control device 25, on both of the heating and
cooling sides. The air-conditioning load required in the
indoor space 7 can be satisfied by controlling so as to
maintain at a target value the difference between the tem-
perature detected by the first temperature sensor 31 b
and the temperature detected by the second temperature
sensor 34 on the heating side, and the difference be-
tween the temperature detected by the second temper-
ature sensor 34 and the temperature detected by the first
temperature sensor 31 a on the cooling side.
[0102] During the heating-main operation mode, the
flow path to the use-side heat exchanger 26 where the
thermal load has not arisen (including a state where a
thermostat is off) is closed by the heat medium flow con-
trol device 25 to restrict the flow of the heat medium,
since it is not necessary to supply the heat medium to

such use-side heat exchanger 26. In Fig. 7, the heat me-
dium is supplied to all of the use-side heat exchangers
26a to 26d because the thermal load is required in those
use-side heat exchangers, however when the thermal
load is not required in any of the use-side heat exchang-
ers, the corresponding heat medium flow control device
25 is closed.
[0103] Referring now to Fig. 7, the data communication
method of the air-conditioning apparatus 100 according
to Embodiment will be described hereunder. In the air-
conditioning apparatus 100 according to Embodiment,
the outdoor unit controller 57, the heat medium converter
controller 52, and the indoor unit controller 54 communi-
cate with each other as follows, so as to suppress an
increase in communication traffic.
[0104] When an instruction about the operation is in-
putted to the remote controller 53, the instruction is trans-
mitted from the remote controller 53 to the heat medium
converter controller 52 of the heat medium converter 3
and the indoor unit controller 54 of the corresponding
indoor unit 2. In addition, the instruction is transmitted
from the heat medium converter controller 52 of the heat
medium converter 3 to the outdoor unit controller 57 of
the outdoor unit 1. Parallel to the above, the target tem-
perature set by the target temperature setting unit 40 and
the temperature detected by the temperature sensor 39
(temperature in the space to be air-conditioned) are
transmitted from the remote controller 53 to the heat me-
dium converter controller 52 of the heat medium convert-
er 3. Here, from the remote controller 53 to the indoor
unit controller 54 of the corresponding indoor unit 2, only
the data of the rotation speed (for example, high, medium,
and low) of the indoor air-sending device 27 is transmit-
ted, and the target temperature set by the target temper-
ature setting unit 40 and the temperature detected by the
temperature sensor 39 are not. Since the air-conditioning
apparatus 100 according to Embodiment is configured
to allow each of the indoor units 2 to perform the cooling
or heating operation, data of the operation mode is also
transmitted from the remote controller 53 to the heat me-
dium converter controller 52. The data of the operation
mode is also transmitted to the outdoor unit controller 57
through the heat medium converter controller 52.
[0105] Through the mentioned process, the operation
of the air-conditioning apparatus 100 is started.
[0106] To be more detailed, the heat medium converter
controller 52 opens and closes the open/close devices
17a, 17b, switches the flow path in the second refrigerant
flow switching device 18, switches the flow path in the
first heat medium flow switching device 22, and switches
the flow path in the second heat medium flow switching
device 23, on the basis of the operation mode. The heat
medium converter controller 52 also sets the opening
degree of the expansion device 16, the rotation speed of
the pump 21, and the opening degree of the heat medium
flow control device 25 to predetermined values on the
basis of the temperature set by the target temperature
setting unit 40 and the temperature detected by the tem-
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perature sensor 39. Then the heat medium converter
controller 52 controls the opening degree of the expan-
sion device 16, the rotation speed of the pump 21, and
the opening degree of the heat medium flow control de-
vice 25 according to the mentioned settings.
[0107] The outdoor unit controller 57 switches the flow
path in the first refrigerant flow switching device 11 on
the basis of the operation mode. The outdoor unit con-
troller 57 also sets the rotation speed of the compressor
10 and the rotation speed of the outdoor air-sending de-
vice to predetermined values, on the basis of the tem-
perature set by the target temperature setting unit 40 and
the temperature detected by the temperature sensor 39.
Then the outdoor unit controller 57 controls the rotation
speed of the compressor 10 and the rotation speed of
the outdoor air-sending device according to the men-
tioned settings.
[0108] The indoor unit controllers 54 each control the
rotation speed of the indoor air-sending device 27 ac-
cording to the data of the rotation speed of the indoor air-
sending device 27.
[0109] Here, the difference between the temperature
set by the target temperature setting unit 40 and the tem-
perature detected by the temperature sensor 39 may be
transmitted from the remote controller 53 to the heat me-
dium converter controller 52, instead of such data as it is.
[0110] Although the indoor unit 2 possesses its own
address and the connection/branch address of the heat
medium converter 3, and the remote controller 53 pos-
sesses the connection address of the corresponding in-
door unit, the air-conditioning apparatus 100 recognizes
the settings of the outdoor unit 1, the heat medium con-
verter 3, the indoor unit 2, and the remote controller 53
when the power is turned on, and therefore it is not nec-
essary to confirm the relations each time a normal oper-
ation is performed.
[0111] As described above, the configuration accord-
ing to Embodiment, in which the remote controller 53
includes the temperature sensor 39, and the outdoor unit
controller 57, the heat medium converter controller 52,
and the indoor unit controller 54 communicate with each
other, allows the data (target temperature and so forth)
to be directly transmitted from the remote controller 53
to the heat medium converter controller 52, unlike in the
conventional system in which the data is once transmitted
from the remote controller to the indoor unit and then
again transmitted from the indoor unit to the heat medium
converter. Therefore, the configuration of the air-condi-
tioning apparatus 100 according to Embodiment sup-
presses the increase in communication traffic, despite
the number of indoor units 2 being increased. In addition,
the sucked air temperature sensor included in the con-
ventional indoor unit is eliminated, and therefore the cost
of the controller can be reduced.
[0112] Although the heat source unit is composed of
the outdoor unit 1 and the heat medium converter 3 which
are separate units in Embodiment, the outdoor unit 1 and
the heat medium converter 3 may be unified to constitute

the heat source unit. In this case, the outdoor unit con-
troller 57 and the heat medium converter controller 52
may also be unified so as to constitute a heat source unit
controller.
[0113] Further, the air-conditioning apparatus 100 ac-
cording to Embodiment includes the refrigerant circuit A
and the heat medium circuit B, the present invention is
also applicable to an air-conditioning apparatus config-
ured to supply refrigerant heated or cooled in the heat
source unit (outdoor unit) directly to the indoor unit, in
which case the aforementioned advantageous effects
can equally be attained.

Reference Signs List

[0114]

1: outdoor unit, 2 (2a to 2d): indoor unit, 3: heat me-
dium converter, 4: refrigerant pipe, 4a: first connec-
tion pipe, 4b: second connection pipe, 5: pipe, 6:
outdoor space, 7: indoor space, 8: space, 9: building,
10: compressor, 11: first refrigerant flow switching
device, 12: heat source-side heat exchanger, 13a to
13d: check valve, 15 (15a, 15b): intermediate heat
exchanger, 16 (16a, 16b): expansion device, 17a,
17b: open/close device, 18 (18a, 18b): second re-
frigerant flow switching device, 19: accumulator, 21
(21 a, 21 b): pumps, 22 (22a to 22d): first heat me-
dium flow switching device, 23 (23a to 23d): second
heat medium flow switching device, 25 (25a to 25d):
heat medium flow control device, 26 (26a to 26d):
use-side heat exchanger, 27 (27a to 27d): indoor air-
sending device, 31 (31 a, 31 b): first temperature
sensor, 34 (34a to 34d): second temperature sensor,
35 (35a to 35d): third temperature sensor, 36: first
pressure sensor, 37: second pressure sensor, 38:
third pressure sensor, 39 (39a to 39d): temperature
sensor, 40 (40a to 40d): target temperature setting
unit, 50: fourth temperature sensor, 52: heat medium
converter controller, 53 (53a to 53d): remote control-
ler, 54: indoor unit controller, 57: outdoor unit con-
troller, 100: air-conditioning apparatus, A: refrigerant
circuit, B: heat medium circuit

Claims

1. An air-conditioning apparatus comprising:

a heat source unit that exchanges heat between
outdoor air and a heat source-side heat ex-
changer thereby generating cooling energy or
heating energy;
a plurality of indoor units each connected to the
heat source unit, and configured to exchange
heat between air in a space to be air-conditioned
supplied by an indoor air-sending device and a
use-side heat exchanger and transmit the cool-
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ing energy or heating energy supplied from the
heat source unit to the space to be air-condi-
tioned thereby conditioning air in the space to
be air-conditioned;
a plurality of remote controllers respectively pro-
vided for the plurality of indoor units to input an
instruction to start and stop an operation of the
corresponding indoor unit, an operation mode,
and a target temperature of the space to be air-
conditioned by the corresponding indoor unit;
a heat source unit controller provided in the heat
source unit and configured to control devices
constituting the heat source unit; and
a plurality of indoor unit controllers respectively
provided in the indoor units and configured to
control devices constituting the indoor unit,
wherein the remote controllers each include a
temperature sensor that detect a temperature
of the corresponding space to be air-condi-
tioned, and are each configured to
communicate with the heat source unit controller
and the indoor unit controller of the correspond-
ing indoor unit,
transmit the instruction to start and stop the op-
eration and data related to rotation speed of the
indoor air-sending device to the corresponding
indoor unit controller, and
transmit the instruction to start and stop the op-
eration, and the target temperature and the tem-
perature detected by the temperature sensor or
a difference therebetween, to the heat source
unit controller.

2. The air-conditioning apparatus of claim 1, further
comprising:

a refrigerant circuit in which heat source-side
refrigerant circulates, the refrigerant circuit in-
cluding a compressor, the heat source-side heat
exchanger, a plurality of expansion devices, a
refrigerant-side flow path in each of a plurality
of intermediate heat exchangers, and a plurality
of refrigerant flow switching devices that switch
a circulation path connected via a refrigerant
pipe; and
a heat medium circuit in which a heat medium
circulates, the heat medium circuit including a
pump, a plurality of the use-side heat exchang-
ers, a heat medium flow switching device, and
a heat medium-side flow path in each of the in-
termediate heat exchanger connected via a heat
medium pipe,
wherein the compressor, the heat source-side
heat exchanger, the plurality of expansion de-
vices, the plurality of intermediate heat exchang-
ers, the plurality of refrigerant flow switching de-
vices, the pump, the heat medium flow switching
device, and the intermediate heat exchanger are

provided in the heat source unit,
the use-side heat exchangers are respectively
provided in the indoor units, and
the cooling energy or the heating energy gener-
ated in the heat source-side heat exchanger is
transported by the heat source-side refrigerant
to the intermediate heat exchanger and trans-
mitted to the heat medium, and transported by
the heat medium to the use-side heat exchang-
ers.

3. The air-conditioning apparatus of claim 2,
wherein the heat source unit includes an outdoor unit
and a heat medium converter,
the outdoor unit includes the compressor, the heat
source-side heat exchanger, and a first refrigerant
flow switching device that switches a flow path of the
heat source-side refrigerant discharged from the
compressor, the first refrigerant flow switching de-
vice being one of the plurality of refrigerant flow
switching devices,
the heat medium converter includes the plurality of
expansion devices, the plurality of intermediate heat
exchangers, one or more refrigerant flow switching
devices in the plurality of refrigerant flow switching
devices other than the first flow switching device, the
pumps, the heat medium flow switching device, and
the intermediate heat exchanger,
the heat source unit controller is divided into an out-
door unit controller provided in the outdoor unit and
a heat medium converter controller provided in the
heat medium converter, and
the remote controllers each transmit the instruction
to start and stop the operation, and the target tem-
perature and the temperature detected by the tem-
perature sensor or a difference therebetween, to the
heat medium converter controller.
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